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ing, was employed. Nevertheless residual lipids con- 
tent was reduced to 1.68% oil at 3.8% moisture, or 
1.58% oil calculated to 10% moisture. 

Conclusions 
The influence of certain variables upon the direct, 

continuous, solvent extraction of sunflower seed meats 
has been discussed. I t  has been shown that the ideal 
preparat ion consisted of first reducing the huh  con- 
tent to about 10% b.y weight. Then the dehulled 
meats were rolled, cooked, crisped, and re-rolled prior  
to solvent extraction. Drying before rolling; followed 
by cooking and crisping, was also helpful in the 
reduction of residual lipids content but  to a lesser 
degree than was re-rolling af ter  cooking. 

I t  has been shown that  the use of relatively low 
solvent/meats ratios required initially high mass re- 
locities and that mass velocity during extraction was 
higher than that  realized during cake washing. 

The full industrial-scale run  confirmed the experi- 

mental  findings; thus the direct, continuous, solvent 
extraction of sunflower seed meats is a commercial 
reality. An oil-content reduction from 53% to 1.68% 
in one operation is a technological advance of great 
magnitude. 

Except  for periods when rice bran is processed, the 
plant is in continuous operation on sunflower seed 
meats and consistently produces meals containing 
between 1.5% and 1.7% oil content. 
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Ozonolysis as a Method 
of Olefinic Linkages 

for Establishing the Position 

F. L. BENTON, ARTHUR A. KIESS, and H. J. HARWOOD, Central Research Laboratories, 
Armour and Company, Chicago, Illinois 

O ZONOLYSIS combined with chromatography has 
not been an entirely satisfactory method in our 
laboratory for locating the positions of double 

bonds in unsaturated f a t ty  acids. Li tera ture  reports 
(1, 2, 3, 4, 5, 6), including some which appeared af te r  
this work was begun, had indicated a reasonable de- 
gree of success with the method. We therefore exam- 
ined the procedures in greater detail, using oleic acid 
as the representative compound. 

The methyl oleate employed in our investigation 
satisfied the requirements for high pur i ty  on the basis 
of melting and freezing curves and infrared spectra. 
The presence of methyl linoleate was not detected in 
its ultraviolet spectra, and both iodine and saponifi- 
cation values lay well within the accepted limits of 
puri ty.  Because the methyl oleate was converted to 
oleic acid under  saponification conditions which pre- 
viously had been shown to effect no conjugation of 
the double bond system of methyl linoleate, it was 
assumed that  no isomeric octadecenoic acids were 
formed during saponification. When oleie acid was 
ozonized however and the products of ozonide decom- 
position were chromatographically resolved, relatively 
large fractions corresponding to seven-, eight-, and 
ten-carbon mono- and dicarboxylie acids were ob- 
tained in addition to the expected pelargonic and 
azelaic acids. 

This report  is concerned with our at tempts to de- 
termine, in a semi-quantitative manner, the origin of 
these unexpected cleavage products. These acids 
might have been formed dur ing either ozonization or 
ozonide decomposition or might have resulted from 

positional isomers contained in the methyl  oleate 
which were not detected by the methods employed to 
establish its puri ty.  Our results are summarized in 
Table I. Observations and conclusions regarding 
fractions other than the C9 follow. 

C7 Dicarboxylic Acid Fraction. Runs 1, 2, 3, and 4 
are representative of ozonizations carried out in sol. 
vents commonly used for this purpose;  a relatively 
large Cv dicarboxylic fract ion was obtained in each 
case. I t  has been shown however that  this fraction 
results from lower-molecular-weight monocarboxylic 
acids, such as acetic acid or other acidic substances. 
Thus, when acetone was t reated with ozone, then 
heated with alkaline peroxide, and the product  was 
chromatographically resolved, a broad peak in the 
region of the CT-Cs fract ion was obtained. Similar 
results were also obtained with methanol and tetra- 
ehloromethane, n-Hexane was not attacked by ozone 
under  the conditions employed, and its use as a sol- 
vent eliminated the C7 fract ion completely (Runs 6, 
7, 8, and 11). Thus the C7 fraction was an ar t i fact  
and not pimelic acid. 

Clo Dicarboxylic Acid Fraction. The Clo fraction, 
isolated by the same chromatographic procedure used 
in the analytical procedure, contained some azelaic 
acid and an unidentified amorphous substance but  
not sebaeic acid, When the ozonide was subjected to 
vigorous decomposition (heated under  reflux for 3 
hrs. with alkaline peroxide, Run 11) or when ozoni- 
zation was effected in acetic acid at 90-95 ~ (at which 
temperature  the ozonide probably decomposed as 
rapidly  as it formed, Run 12), the Clo fract ion was 
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Method of decomposi t ion  

Boiled in  w a t e r  1 hr . ,  re-ozonized 5 
mln .  

Boiled in  w a t e r  1 hr . ,  re-ozonized 20 
rain.  

Boi led in  w a t e r  1 hr. ,  re-ozonized 10 
min .  

Boiled w i t h  1.0 N N a O H  a n d  1 2 %  
H~02 fo r  45 min ,  

Boiled w i t h  1.0 N N a O H  a n d  1 2 %  
tt~Oe for  50 min .  

Boi led i n  w a t e r  1 hr. ,  re-ozonized 15 
min .  

Boiled w i t h  1.0 N N a O t t  a n d  3 0 %  
t ie02  for  1 hr .  

Boiled w i t h  1.0 h r N a O t t  a n d  3 0 %  
H~Oe in e thanol  for  2.5 hrs .  

Allowed to s t a n d  wi th  1.0 N Na01-I 
~md 3 0 %  /-t20~ for  2 hrs .  Excess  
des t royed  w i t h  CH~O. 

Boiled w i t h  1.0 ~r N a O H  a n d  3 0 %  
H20~ fo r  3 hrs .  

Ozonized at 90 -95~  for  30 rain. No 
subsequen t  decompos i t ion  step. 

Ozonized at  90 95~ for  45 min .  No 
subsequen t  decomuosi t lon  step. 

Ozonized at  9 0 - 9 5 ~  for  85 rain. No 
subsequen t  decomposi t ion  step. 

% 
A p p a r e n t  
r ecove ry  

51.4 

66.0 

81.2 

70.8 

12.7  

16.5 

61.2 

64.7 

72.0 

% Dicarboxyl ic  

10 9 8 

1.3 33.5 5.8 

79.8 9.5 

79.0 9.3 

5.1 66.9 7.1 

13.9 79.4 8.4 

1.8 88.1 9.8 

4.6 90.2 5.0 

4.6 87.5 6.8 

91.0 8.9 

94.2 5.8 

100.0 

% Monoearboxylic 

7 10 9 

59.4 6.2 83.0 

11.2 13.3 76.0 

11.5 12.1 78.5 

21.5 

9.0 87.0 

10,3 83.0 

i00.0 
100.0  

12.9 87.2 

7.6 79.5 

91.B 

90.4 
8.3 91.5 

10. 

10. 

9. 

14. 

8. 

9. 

eliminated. F r o m  these observations it was concluded 
that  the Clo fract ion was a par t ia l ly  decomposed 
ozonide which appeared in the same position as that  
in which sebacie acid would appear.  Apparen t ly  the 
ozonide of oleic acid is more stable than  had been 
assumed previously. This conclusion is in agreement  
with the fact  that  the stabil i ty of ozonides increases 
with increasing molecular weight  (7).  

Cs Monobasic Acid Fraction. The possibility that  
the Cs monobasic acid fraction, presumably  contain- 
ing eapryl ic  acid, could result  f rom peroxidation of 
the methylene adjacent  to the 9-double bond in oleic 
acid (8) was recognized. Results obtained f rom Runs 
7 and 8 however eliminated this possibility f rom con- 
sideration for ozonizations carr ied out in the absence 
of oxygen (9) failed to eliminate the Cs monobasic 
acid fraction. Nor was it found as a product  of the 
ozonization of pure  1-deeene (Runs 9 and 10). 

These observations coupled with the fact  that  
vigorous ozonide decomposition (Run 11) eliminated 
the Cs monobasie acid fract ion led us to conclude that  
this fraction, like the Clo dicarboxylie acid fraction,  
was an art i fact .  The appearance of the Cs monobasic 
acid fraction, but  not the C10 diearboxylic acid frac-  
tion among the produets  obtained when oleie acid was 
ozonized in acetic acid at 90-95 ~ appeared  to contra- 
dict these observations and conclusions. This apparen t  
inconsistency however was explained by  the following 
observations. The products  obtained f rom the ozoni- 
zation gave a positive peroxide test just  pr ior  to 
chromatographic  resolution, but  those f rom vigorous 
alkaline peroxide degradat ion of the ozonide did not. 
Pelargonie acid was subjected to ozonization in acetic 
acid at 90-95 ~ for  va ry ing  periods of t ime (Runs 13 
and 14), and resolution of the products  yielded both 
the expected C9 and the Cs fractions. The size of the 
la t ter  f ract ion did not increase when the t ime of 
ozonization was doubled, a condition to be expected 
if pelargonie acid were being converted to caprylie. 
The f ract ion gave a positive test  for peroxide when 
t reated with acidulated potassium iodide solution. 
The Cs monobasic acid fract ion apparen t ly  contained 
perpelargonic acid and not caprylic acid. 

Cs Dibasic Acid Fraction. The Cs dibasic acid frac-  
tion was isolated, and f rom it a crystalline mater ia l  

was obtained. This was proved to be suberic acid by  
determinat ion of its mixed melt ing point  with an 
authentic sample. The possibility tha t  it resulted 
f rom oxidative degradat ion or migrat ion of the double 
bond dur ing ozonization was excluded since no ca- 
prylic  acid was detected as an oxidation product  of 
1-deeene (Runs 9 and 10), which would be the case 
if double-bond migrat ion or oxidative degradat ion 
occurred. Also an a t tempt  to oxidize azelaie acid with 
alkaline peroxide was unsuccessful. 

Clo Monobasic Acid Fraction. No a t t empt  was made 
to isolate caprie acid because of its low melt ing point 
and because of the difficulties involved in its isolation. 
The fract ion corresponding to it however was always 
present  among the ozonization products  of oleic acid 
irrespective of the procedure by which the ozonide 
was decomposed. The Clo fract ion was also obtained 
when oleic acid was oxidized by the permanganate-  
periodate method (10, 11). Fa i lure  to isolate suberic 
acid, the corresponding dibasic acid oxidation frag-  
ment, in this case resulted probably  f rom its greater  
sohlbility in the large volume of aqueous solution 
employed. We have concluded therefore that  the Clo 
monobasic and C8 dibasic acid fract ions consisted of 
capric and suberic acids, respectively, and that  these 
acids originated f rom 8-octadecenoic acid present  in 
the oleic acid in amounts which were not detected by 
the methods employed to establish the pu r i ty  of oleie 
acid. 

Recovery of Products from Ozonization. Ozoniza- 
tion was allowed to proceed to completion in all cases. 
The percentage of recoveries of acid products  based 
on the quantit ies of the sample ozonized varied with 
the procedure  used for  ozonide decomposition and 
were general ly quite low, as indicated by  the  values 
in Table I. These values are expressed as percentage 
of the theoretical total  of t i t ra table  acidity. No values 
are given for  Runs 1 through 4 since we have demon- 
s t rated that  acidi ty  is produced by oxidation of the 
solvents. I t  should be mentioned tha t  the percentage 
values of the mono- and dibasic acid fract ions were 
calculated on the amount  of recovered acidic prod- 
ucts ra ther  than  on the weight of original sample. 
The low recovery of acidic products  was caused 
probably  by  :secondary reactions of ozonides, w h i c h  
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formed nonacidie or high-molecular-weight conden- 
sation products.  Rieche (12) repor ted the format ion 
of polyperoxide materials  as secondary products  of 
the ozonization of oleic acid, and Keppler  (5) also 
found significant amounts  of nonaeidic mater ial  along 
with the acidic ozonization products  of methyl  oleate. 
The format ion of these secondary products  is a serious 
deterrent  to the use of ozonization as a quant i ta t ive 
procedure.  

Experimental 
Preparation of Methyl Oleate. To a solution of 

500 g. of olive oil in 2,000 ml. of anhydrous  methanol 
and 1,500 ml. of diethyl ether were added 70 ml. of 
0.5 N alcoholic potassium hydroxide.  The mix ture  
was gently heated unti l  it became homogeneous and 
was t hen  a l lowed  to s t a n d  o v e r - n i g h t  a t  r oom 
temperature .  

On the following day  the mixture  was agi tated 
with an equal volume of water,  and the water  layer  
containing alcohol and soap was discarded. The 
organic layer  containing methyl  oleate was washed 
with water  to remove any  residual soap, was dried 
over anhydrous  sodium sulfate, filtered, and freed of 
ether by distillation under  vacuum. 

The methyl  ester was dissolved in acetone (500 g. 
of the ester in 5,000 ml. of acetone) and cooled to 
25-30 ~ at  which t empera tn re  the sa turated esters 
crystallized and were removed by  filtration. The 
filtrate was cooled to --60 ~ and the crude methyI  
oleate which crystallized was removed by  filtration. 
I t  was redissolved in sufficient acetone to yield a 10% 
solution, f rom which methyl  oleate was recrystallized 
at  --55 ~ and separated f rom the mother  liquors by  
filtration. Af t e r  removal  of residual acetone by evap- 
oration under  vacuum, the methyl  oleate was frac- 
t ionally distilled under  reduced pressure.  Methyl 
oleate so obtained possessed a boiling point of 155 ~ 
(0.5 mm.) and an iodine value of 86.4 (theoretical, 
85.7); on the basis of in f ra red  spectra it  contained 
no trans double bond. I t s  cooling and melt ing curves 
likewise indicated a sat isfactory degree of pur i ty :  
f.p. a - 1 3 . 7  ~ m.p. f l - 9 . 8  ~ No polyunsaturat ion 
was present  as determined by  the Ultraviolet  Spectro- 
photometric Method (A.O.C.S. Cd 7-58). 

Saponification of Methyl Oleate. Methyl oleate 
(3.0 g.) was dissolved in 50.0 ml. of 0 .5N alcoholic 
potassium hydroxide,  and the result ing solution was 
boiled under  reflux for  30 rain., then cooled and 
t reated with water.  Af te r  extraction with petroleum 
ether the aqueous solution was acidified with 1:1 
aqueous hydrochloric acid solution, and the oleie 
acid was extracted with diethyl ether. The ether 
solution was washed several times with water  to 
remove hydrochloric acid, then dried over anhydrous  
sodium sulfate, a f te r  which the ether was removed 
by  evaporation at room tempera tu re  under  vacuum. 
The result ing oleic acid was mainta ined under  an 
atmosphere of ni trogen until  needed. 

Procedure for Ozonization. Ozonization was carried 
out by  allowing a slow s t ream of oxygen (or air)  and 
ozone, or ni trogen and ozone, to pass through a solu- 
tion of the compound until  the exit gas  produced 
iodine when conducted through aqueous potassium 
iodide. 

Preparation of Ozone~Nitrogen Mixture. A mixture  
of pure  ozone in ni trogen was produced according to 
a modification of the method of Cook (10). The prod-  

uct  of tile ozone generator  (95% oxygen and 5% 
ozone) was passed through 100 g. of act ivated silica 
gel (Davison 13-20 mesh) contained in a t r ap  cooled 
to - 4 0  ~ . Af te r  absorption of the desired quant i ty  of 
ozone, calculated f rom the ozone content of the gen- 
erator  product  and the volume of gas which passed 
through the absorbent, the t empera ture  of the t r ap  
was gradual ly  raised and the ozone was allowed to 
desorb into a s t ream of d ry  nitrogen. The ozone- 
ni trogen mix ture  was conducted direct ly into the so- 
lution to be ozonized. 

Conversion of Ozonization Products to Acids. Runs 
1, 2, 3, 6. Af t e r  ozonization, the solut ion containing 
the products  was t reated with 8 ml. of water  and 
heated under  reflux for 1 hr., then cooled and re- 
t rea ted  with ozone for  5 to 20 rain. 

Runs  4, 5, 7, 8, 9, 10, 11. Af te r  ozonization the 
solution was t reated with approx imate ly  20 ml. of 
1.0 N N a O H  and 3-5 ml. of 30% hydrogen peroxide. 
In  certain experiments  the mixture  was allowed to 
stand for  a t ime (with occasional shaking),  then was 
heated under  reflux for  va ry ing  times. Dur ing  the 
period of heat ing both hydrogen peroxide and sodium 
hydroxide were a d d e d  to mainta in  peroxide content 
and alkalinity. Af te r  removal  of the solvent, heating 
was sometimes continued for  2-4 hrs. In  some cases 
excess peroxide was destroyed by adding formalde- 
hyde (18%) under  alkaline conditions unt i l  a drop o.f 
the reaction mixture  no longer gave a positive iodine 
test with acidic potassium iodide solution. 

Af te r  t rea tment  by  one of the above two methods, 
the result ing reaction mixture  was concentrated to 
dryness under  vacuum, and the residue was t reated 
with slightly more than the equivalent amount  of 1.8 
N hydrochloric acid (to convert  the salts to f a t t y  
acids). The acids were extracted with diethyl  ether, 
and the ether was evaporated.  The mix ture  of acids 
so obtained was resolved direct ly into mono- and di- 
carboxy]ie acid fract ions by  means of the extraction 
procedure described below (Runs 1, 2, 3), or i t  was 
first dissolved in a mixture  composed of 0.5 ml. 
tert-butyl alcohol and 3.0-5.0 ml. of chloroform. 
The volume then was increased to 50.0 ml. by  addi- 
tion of chloroform. An aliquot port ion of this solu- 
tion was analyzed chromatographical ly  in the manner  
described below without  separat ion into mono- and 
diearboxylie acid fraetions (Runs 4, 5, 6, 7, 8, 11, 15). 

Run  12. The acetic acid was removed under  vac- 
uum, and the residue was analyzed chromatograph-  
ically. A sample of the ozonization product  t reated 
with aeidified potassium iodide solution gave a posi- 
tive peroxide test. 

Ozonization of Pelargonic Acid. Runs 13, 14. Pel- 
argonie acid (1.097 g.) dissolved in 25 ml. of glacial 
acetic acid was t rea ted  with ozone at  a t empera tu re  
of 90-95 ~ for  a period of 45 rain. At  this point  one- 
half  of the solution was withdrawn, the acetic acid 
was removed under  vacuum, and the residue was 
chromatographical ly  analyzed in the usual manner.  

The second half  was t reated with ozone at 90-95 ~ 
for  an addit ional 40 rain., a f te r  which the acetic acid 
was removed and the residue was chromatograph-  
ically analyzed. Both samples gave a positive test 
for  peroxide when t reated with acidulated potassium 
iodide solution. 

Treatment of Acetone with Ozone. Twenty-five ml. 
of acetone were t reated with ozone for  15 min., then 
with alkaline hydrogen peroxide as described under  
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the procedure for convert ing ozonization products  to 
acids. Chromatographic  analysis of the product  re- 
sulted in a broad peak in the region corresponding 
to pimelic and suberie acids. Methanol and tetrachlo- 
romethane yielded similar results. 

Purification of n-Hexane. F i f t y  ml. of n-hexane 
(Phill ips Technical Grade) were t reated with ozone 
for  20 rain. to remove any  oxidizable material ,  af ter  
which it was heated under  reflux with a mixture  of 
15 ml. of 1.0 N sodium hydroxide and 5 m]. of 12% 
It202 for 45 min. I t  was then washed once with water  
and dried over anhydrous  calcium chloride. 

Attempt to Isolate Sebacic Acid. Oleic acid, 1.9 g., 
was ozonized, and the products  were prepared  for 
chromatographic  analysis in the manner  described in 
I f  above. The entire sample however was t ransfer red  
to a silicic acid column buffered to p H  5.5 and manu-  
ally eluted with butanol-chloroform mixtures,  as in- 
dicated below. The progress of elution was followed 
by t i t rat ion of the fractions, and those fractions cor- 
responding to sebacic acid were combined. The water  
was removed by distillation under  vacuum. The re- 
sidual salts were converted to acids by  t rea tment  with 
slightly more than the equivalent quant i ty  of hydro-  
chloric acid, and the acids (0.1 g.) were sublimed 
under  a pressure of 0.01 ram. at 97 ~ A sample of the 
crystalline sublimate (m.p. 106 ~ was proved to be 
azelaic acid by determinat ion of its mixed melting- 
point with an authentic sample. No higher-melt ing 
acid corresponding to sebacic was obtained. The resi- 
due in the sublimation appara tus  remained unsub- 
limed even at 135 ~ . 

Isolation of Suberic Acid. By means of the same 
procedure the suberic acid fract ion f rom the ozoni- 
zation of oleic acid was isolated, recrystallized, and 
sublimed. The sublimate melted at 132-134 ~ . I t s  
mixed melt ing-point  with an authentic sample of 
suberie acid (138-139 ~ was undepressed at 132-134 ~ 

Attempted Degradation of Azelaic Aciff. Azelaie 
acid (0.50 g.) was heated under  reflux with alkaline 
peroxide for I hr. F r o m  time to t ime aqueous hydro-  
gen peroxide was added to mainta in  the concentration 
of oxidizing agent. The products  of this t rea tment  
were recovered and analyzed chromatographical ly.  
The recovery of azelaie acid an~lounted to 96%, and no 
other acid was detected. 

ChromatograpMc Procedure. After  removal  of the 
solvent by distillation, the mixture  of mono- and 
dibasic acids and water  was treated with 40 ml. of 
1:4 v / v  water-methyl  Cellosolve solution, and the 
result ing solution was continuously extracted for 6-8 
hrs. with SkeIlysolve F. Dibasic acids remained in 
the aqueous layer, which was made up to 50 ml. by 
addition of methyl  Cel]osolve. The Skellysolve frac-  

tion containing monobasic aeid was likewise made up 
to 50 ml. (with Skellysolve). 

Analysis  of the mixture  of dibasie acids (with or 
without separat ion f rom monobasic acids) was accom- 
plished by introducing an aliquot of the aqueous 
Cellosolve solution onto a column consisting of 25 g. 
of silieie acid buffered with 25 ml. of a 1.0 M citrate 
buffer at p H  5.5 Elut ion was effeeted with an appara-  
tus which eontinuously added  a chloroform-butanol 
solution in which the percentage of butanol  was auto- 
matical ly increased f rom 3 to 35% dur ing  the course 
of elution. The eluate was automatical ly  collected in 
7-ml. fractions, which were t i t ra ted with 0.02 N alto- 
holie potassium hydroxide.  Phenolphthalein was used 
as an indicator, and the fract ion was agitated dur ing 
t i t rat ion with a s t ream of nitrogen. 

Analysis of the monobasic acids (with or without  
separation f rom dibasic acids) was carried out in the 
same way but  with the silieic acid buffered with 2.0 M 
glyeine at p H  10.1. 

Summary 
Ozonolysis and chromatographic  proeedures as a 

method for  determining the position of double bonds 
in olefinic acids are not entirely satisfactory.  Ozo- 
nolysis is seriously limited because of the secondary 
reactions undergone by the ozonide. Chromatographic  
resolution of the decomposed ozonides of oleic acid 
yields the expected pelargonic and azelaic acids but  
also yields fract ions that  indicate double bonds which 
do not exist. Fract ions  corresponding to pimelic, se- 
baeie, eaprylic, suberic, and capric acids appeared.  
The "p imel ic  a c i d "  f ract ion resulted f rom the reac- 
tion of ozone with an oxidizable or hydrolyzable sol- 
vent such as acetone, methanol,  or tetrachlorometh- 
ane. The " s e b a e i c "  and "caprylic a c i d "  fract ions 
were incompletely decomposed ozonide. The suberie 
and eapric acid fract ions however were real and are 
believed to have resulted f rom 8-octadecenoic acid 
present  in the oleic acid in amounts  too small to be 
detected by the methods used to establish its pur i ty .  
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Erratum 
Inadver ten t ly  the pr in ter  omitted four  lines at the 

top of page 400 in the September  1959 issue, vol- 
ume 36: "ess  was conducted at 100~176 with 
fu r fu ra l  containing 2.5% of water. The cost of con- 
duet ing the separat ion on a large seale is believed to 
be favorable enough to make the process commercially 
a t t r ac t ive . "  (Linoleie Acid f rom Safflower Oil by  
Liquid-[Aquid Extract ion,  by Beal and Brekke.) 


